As the growing interest on green corrosion inhibitors, plant extracts have gradually showed the potential in replacing the traditional hazardous chemicals due to the eco-friendly and economy characteristics. Previous study reported that rose myrtle leaf-extract (Rhodomyrtus tomentosa, Myrtaceae) was as an efficient corrosion inhibitor for rust removal process of mild steel in H 2 SO 4 acid medium. This study presents the corrosion inhibition assessments of rose myrtle leaf-extract on mild steel surface in HCl 1M solution. The potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) methods have been used to study the corrosion behaviors of mild steel. The corrosion rate, corrosion current and corrosion potential results indicate that only small amount of the leaf-extract (2 % vol.) was required for high inhibition efficiency (H in = 83.9 %). By affecting on both anodic and cathodic branches of the Tafel plot, the corrosion inhibition mechanism is proposed by an adsorption forming different barriers on the steel surface.
INTRODUCTION
Plenty of plant extracts have been reported to be acceptable corrosion inhibitors for metals in many types of corrosive medium [1, 2] . Basic components of extracts are sugars, steroids, aloin, gallic acid, ellagic acid, tannic acid, flavanoids, etc. The presence of tannins, cellulose, and polycyclic compounds has been reported to enhance a film formation over the metal surface, thus decreasing corrosion [3] . The downy rose myrtle (Rhodomyrtus tomentosa, Wight) is native to Asia, according to recent reports, the chemical constituents of R. tomentensa consist of hydrolysable tannins as major components, followed by flavones, triterpenes, steroids, meroterpenoid and acylphloroglucinols [4] [5] [6] [7] . The tannins and polyphenolic compounds like quinic acid, gallic acid, caffeic acid, flavonoids and glycoside compounds, which possess vast of hydroxyl (-OH) and other functional groups which have potentially interaction with metal ions [8] [9] [10] [11] [12] [13] .
This work focuses on the application of leaves extracts of downy rose myrtle for corrosion protection of metals and the inhibition effect for steel in hydrochloric acid medium. In this study, the inhibiting effects of plant leave water extracts for mild steel in 1M hydrochloric acid solution were investigated by using electrochemical techniques, such as the potentiodynamic polarization and electrochemical impedance spectroscopy (EIS).
MATERIALS AND METHODS

Materials
Metal sample preparation
The mild steel used for this study were CT3 grade with composition (wt%): C = 0.17, Si = 0.01, S = 0.02, P = 0.02, Mn = 0.46, Ni = 0.03, Cr = 0.01, Cu = 0.01 and the balance Fe. Steel electrodes were shaped into round plate with the working surface of 1 cm 2 . They were polished with different grades (# 400, 600, 800 and 1000) silicon carbide paper, degreased in absolute ethanol, rinsed in acetone, dried and stored in a moisture-free desiccator prior to use.
Plant leaves extract preparation
The green leaves of R. tomentosa were collected from Xuan Mai, Vietnam in 2016, identified by Prof. Dr. Nguyen Nghia Thin, Vietnam National University. An amount of 1 kg of fresh leaves and young stem of R. tomentosa was extracted in boiled water and condensed to obtaining 1 L water extract. The solid content of the extract has been determined by water removal process under reduced pressure at 60-65 o C and concentrated at 70-80 o C, gave the result of 4.52 g solid residue/100 mL water extract. The extract has been then filtered to removing insoluble content to obtain aqueous extract (DS) used in the experiments.
From the preparation method, it could be said that the chemical constituent of DS samples is including most of the polar substances in the plant material.
Electrolytic solutions
The corrosive medium was HCl 1M. Deionized water was used for the preparation of all reagents. The electrolytic solutions have been prepared by adding to the acid medium an increasing concentrations of the DS sample ranging from 0; 0.1; 0.2; 0.5; 1; 2; 5; 10 %vol. For each experiment, 200 mL of electrolyte has been used. The applied concentration is equivalent to 0; 0.05; 0.09; 0.23; 0.45; 0.9; 2.26; 4.52 g/L of the solid residue of R. tomentosa.
Applied methods
Electrochemical measurements
Electrochemical measurements were carried on Biologic VSP-300 multichannel potentiostat (Bio-Logic Science Instruments, France). The experimental data are analyzed with the EC-Lab software. Measurement system is three electrodes glass cell. Working electrode is a plate mild steel of 1cm 2 effective surface. Platinum plate and a silver chloride electrode were used as a counter and reference electrodes, respectively.
Inhibition effects have been investigated by using linear polarization (LPR), potentiodynamic polarization and electrochemical impedance techniques. All measurements have been realized at room temperature (at 25 o C), after stabilization of the open circuit potential E oc (waiting time is 30 minutes). For LPR test, polarization resistances (R p values) have been estimated in polarization range E = E -E oc = 25 mV with scan rate 0.1 mV/s. Whereas, the corrosion currents (I corr values) measurement has been realized in polarization range E = E -E oc = 200 mV with scan rate 0.1 mV/s. The corrosion inhibition efficiency (H R %) was calculated using R p .
Electrochemical impedance spectroscopy (EIS) was determined on the steady-state current at a given potential, at frequencies between 100 kHz to 10 mHz. The impedance diagrams are given in the Nyquist representation. The inhibition efficiency got from the charge-transfer resistance is calculated by:
R ct and R' ct are the charge-transfer resistance values with and without inhibitor, respectively.
FT-IR measurements
For IR spectral studies, the transmission technique was used for obtaining the spectra of the solid content of water extraction. The used FTIR equipment is Nicolet iS10 Thermo Scientific (USA). Obtained DS sample was characterized by FTIR (ν cm -1 ): the OH phenolic group is at 3440 cm -1 (-OH stretching), the shape of the OH stretching band is broad and strong indicating the affect of hydrogen bonded structures and high degree of polymerization. The C-H stretching for aromatic compounds appears as weak shoulder at 2939 cm -1 while the symmetric stretching occurs at 1342 cm -1 . A distinctive peak for carbonyl stretching appears as weak shoulder at 1728 cm . The FTIR spectrum of DS sample is most suite with IR spectrum of tannins, tannic acid that contain aromatic ring (Fig. 1) [14] .
RESULTS AND DISCUSSION
FT-IR study
According to the FTIR spectrum, it could be stated that the main chemical constituent of DS sample is a mixture of condensed and hydrolysable tannins. These tannins contain various numbers of hydroxyl groups, as well as catechin monomer, galloyl units, diphenoyl groups bounded to sugar moiety.
Potentiodynamic polarization study
The linear polarization (LPR) results of steel in 1M HCl are shown in the Fig. 2 . Based on the linear polarization diagram, corrosion potentials (E corr ) in the presence of DS is more positive than in acid medium but the different is relatively small, about 8 mV. The values of polarization resistance (R p ) are presented in Table 1 . Potentiodynamic polarization behavior of steel in 1M HCl in the presence and absence of inhibitors are shown in Fig. 3 , in all of the experiment mediums, no passive expression found. The values of polarization resistance (R p ), corrosion current (I corr ), corrosion potential (E corr ), cathodic Tafel slope (β c ), anodic Tafel slope (β a ) and inhibition efficiency (E%) are collected in Table 1 . As can be seen in Fig. 3 and Table 1 , the presence of the extract DS decreases both cathodic and anodic current density. The decrease is more clearly with the increase of the DS concentration. The corrosion potential is varied with the highest different about 20 mV in the presence of inhibitor. The presence of the DS only has small impact on the cathodic Tafel slope indicating that the mechanism of H + reduction is still activate control. In the anodic slop, the value of β a is changing over the DS concentration. This result indicates that DS acts as a mix inhibitor by simple adsorbing into metal surface. The inhibitor molecules decrease the surface area of corrosion and only cause inactivation on part of the surface with respect to the corrosion medium.
The inhibition efficiency of DS reaches 85.6% at 0.9 g/L. Therefore, R.tomentosa extract is a good inhibitor and acts as a mix inhibitor.
Electrochemical impedance study
Electrochemical impedance spectroscopy (EIS) has been widely used to investigate corrosion inhibition processes in terms of the resistive as well as capacitive behaviors at metal/solution interface [15] . The corrosion inhibitor efficiency of DS has been assessed based on the electrochemical impedance results at the equivalence potential. The results have been collected and shown in the Table 2 .
The Nyquist plots in Fig. 4 were characterized by the depressed semicircles at high to medium frequencies and an inductive loop at low frequencies of with the presence of inhibitor. This is often attributed to the surface roughness, inhomogeneity of the solid surface and adsorption of the inhibitor on the metal surface [16, 17] . It is also observed that the diameter of the impedance plot increased with increase in inhibitor concentration. A proposed electrochemical circuit is presented in Fig. 5 , with R s is the solution resistance, R ct is the charge transfer resistance, CPE is the constant phase element, L is inductor and presented for the dispersion phenomenon. The values of charge transfer resistance (R ct ) and double layer capacitance (C dl ) was determined from the fitting of Nyquist plots. The value of R ct and calculated inhibition efficiency (H im ) has shown in Table 2 . Based on the Nyquist plot (Fig. 5) , the charge transfer resistance (R ct ) of the steel in acid with or without DS has gradually increased with the DS concentration. The value of R ct of DS2 was the highest with the inhibition efficiency reach 70.25 %. Though, the R ct of the samples still shows the corrosion of steel substrate in the solution, but the corrosion rate is reduced in the presence of DS. The decrease in C dl value from 0.182 mF in the acid to 0.1036 mF in DS10 means that a layer is formed on the surface while DS present. This adsorption layer takes place
on the metal surface in acidic solution, prevent the direct contact between the metal surface and the acid medium, forming micro electrodes and decreasing the effective surface which promotes the dissolution of metal.
The result is consistent with the E/t correlation before-mentioned (inhibition of anode process and advantage of cathode process).
CONCLUSIONS
The main findings of this research were:
The natural compounds in R. tomentosa (Rose myrtle) extract acts as a capable inhibitor for preventing corrosion on steel substrate in HCl 1M solution with the optimal inhibition efficiency reaches 85.6 % at 0.9 g/L from potentiodynamic polarization result.
Followed the obtained results on LPR and EIS measurements, the DS sample has shown capable corrosion inhibition efficiency at 2 vol% in HCl 1M which raised the charge transfer resistance (R ct ) value from 38.47 to 129.3 Ω and the polarization resistance (R p ) from 41.9 to 168 Ω.
With the presence of DS in corrosive medium, the anodic process has been inhibited (equivalent potential E corr has moved to the positive area, which allows the cathodic process easily occurs). The DS shows the ability to decrease the corrosion rate of CT3 steel, though, the passive area does not form.
From the point of natural origin, the extract of R. tomentosa shows a possibility to for application as a green corrosion inhibitor of mild steel while conduct the metal surface treatment (pickling in acidic medium) in industrial.
